Abstract Management of acute postoperative pain is challenging, particularly in patients with preexisting narcotic dependency. Ketamine has been used at subanesthetic doses as a N-methyl D-aspartate (NMDA) receptor antagonist to block the processing of nociceptive input in chronic pain syndromes. This prospective randomized study was designed to assess the use of ketamine as an adjunct to acute pain management in narcotic tolerant patients after spinal fusions. Twenty-six patients for 1-2 level posterior lumbar fusions with segmental instrumentation were randomly assigned to receive ketamine or act as a control. Patients in the ketamine group received 0.2 mg/kg on induction of general anesthesia and then 2 mcg kg
Introduction
Acute pain management is challenging in patients with preoperative narcotic dependency after spinal fusion surgery. In addition, opioid-induced hyperalgesia [1] and acute opioid tolerance [2] may be partially responsible for acute postoperative pain refractory to traditional doses of narcotics. Both the persistent nociceptive and neuropathic pain, which these patients experience, and opioid-induced hyperalgesia may in part be mediated through N-methyl-Daspartate (NMDA) receptors.
Ketamine is a phencyclidine derivative used initially as a "dissociative anesthetic". Ketamine is also a noncompetitive NMDA receptor antagonist [3] . The role of ketamine as a NMDA antagonist in blocking the processing of nociceptive input has led to its use in the treatment of chronic pain syndromes [4] . At subanesthetic doses, ketamine has been found useful in the management of acute pain in some, [5] but not in all studies [6] . This prospective randomized study was designed to assess the use of ketamine as an adjunct to acute pain management in narcotic tolerant patients after spinal fusions.
Material and methods
With Institutional Review Board approval, after written informed consent, 26 patients for 1-2 level posterior lumbar fusions with segmental instrumentation were randomly (computer-generated random numbers table; assigned group concealed in an opaque envelop, which was not opened until the patient signed the consent) assigned to receive ketamine or act as a control. The patients and physical therapists assessing pain and milestones were blinded to the assigned group, but the Post Anesthesia Care Unit (PACU) nurses and physicians were cognitive of the groups. Patients scheduled for elective lumber fusions and who were taking narcotics on a regular schedule daily (> 60 mg equivalent oxycodone) until the time of surgery were included in the study. After written informed consent was obtained, patients received a general endotracheal anesthetic, which consisted of midazolam 5 mg, 70% nitrous oxide, 0.4% isoflurane, fentanyl at 1-2 mcg kg −1 h −1 , and propofol at 70-100 mg/h. Spinal preservative free morphine (10 mcg/kg) was administered at instrumentation, one to 2 hours before closure [7] . Patients in the ketamine group received 0.2 mg/kg on induction of general anesthesia and then 2 mcg kg
until discharge from the PACU, goal of 24 hours of treatment. Patients were extubated in the operating room and within 15 minutes of arriving in the PACU they were started on intravenous hydromorphone in a patientcontrolled analgesia (PCA) modality, 0.5 mg/ml without a basal infusion (initial settings: 1 ml bolus every 5 minutes). Hydromorphone boluses were administered by the PACU physician assistant every 5 minutes until the NRS pain scale was ≤5; patients who remained at an NRS=10 despite an hour of hydromorphone boluses were started on a ketamine infusion. Any patient who remained at an NRS=10 after 2 hours was excluded from the study and treated with alternative medications. Postoperative pain was assessed for 48 hours using a verbal Numerical Rating Scale (NRS) at rest and during physical therapy; a NRS of 0 was defined as no pain and a 10 defined as the worst pain ever experienced. On POD 1 and 2, the NRS for pain was recorded by a physical therapist blinded to the study group just before therapy (rest) and during therapy. The volume of intravenous hydromorphone administered was downloaded from the PCA pump. The level of sedation was monitored using a five-point scale, 1 awake and 5 arousable only with vigorous stimulation. The treatment of nausea and vomiting was also recorded for each patient. Delirium was evaluated using the confusion assessment method before discharge from the PACU on POD 1 [8] . Preoperative oral analgesic medications were restarted on postoperative day 1. Patients were assessed for physical therapy milestones (out of bed; walking) by a physical therapist.
Prior experience with narcotic tolerant patients after spinal fusions provided us with a mean first 24-hour hydromorphone requirement of 31 mg with a standard deviation of 16 mg; if one assumed that ketamine therapy would reduce hydromorphone intake by 30%, with a power of 80 and significance of p≤0.05, then we required a total of 20 patients, 10 per group. Statistical analysis of the data was performed using a STAT View Program, with differences between groups analyzed with a t test and box graphs; a probability of ≤0.05 was significant.
Results
Twenty-six patients were enrolled in the study. All of the patients were narcotic tolerant, but utilized different opioid preparations to provide analgesia. Two patients were eliminated from analysis; one patient from the control group who remained intubated and ventilated for 12 hours after surgery and one patient from the ketamine group who remained at a NRS pain scale of 10 for over 2 hours and received alternative analgesics. Of the remaining 24 patients (12 in the control and 12 in the ketamine group) there were no differences in patient demographics, duration of surgery or intraoperative fentanyl administration (Table 1) . Patients in the study group received ketamine for a mean of 24±8 hours.
Patients in the ketamine group had significantly less pain during their first postoperative hour in the PACU and continued to have less pain during the first postoperative day (POD) at rest and with physical therapy (Table 2 ). These differences in pain scores were no longer apparent on POD 2. Three patients in the control group failed the initial pain management, defined as remaining at a NRS of 10 for the first 2 hours after surgery despite repeated postoperative intravenous hydromorphone boluses. These three patients were converted to intravenous ketamine infusions and their pain scores were reduced to NRS of 7, 5 and 5, respectively, 1 hour after the initiation of the infusion. Data are presented as intention to treat, therefore those patients that crossed over are still analyzed in the control group.
We did not find a significant difference in i.v. PCA hydromorphone use between the two groups (Table 1; Fig. 1 ). There was, however, considerable variability in hydromor- phone usage and even with this variability, the ketamine group used less i.v. hydromorphone than the control group. Two patients randomized to the control group received intraoperative ketamine, but not postoperative ketamine. As both patients had NRS scores similar to the other control patients on POD1 (6 at rest and 8 with PT), their 24-hour hydromorphone consumption was higher than the mean for the ketamine group (20 and 23 mg), and they did not receive postoperative ketamine; the data was analyzed with the control group.
Two patients in the ketamine group and one patient in the control group became confused on POD 1, none with hallucinations, and in all three cases the confusion resolved by POD 2. Eight patients were treated for postoperative nausea and vomiting during the first 48 hours, three in the control group, and five in the ketamine group. The mean sedation score for both groups during the first postoperative 24 hours was 2.2. All of the patients except for three were advanced to solid food by POD 2, one in the ketamine group, and two in the control group. The majority of the patients were out of bed and ambulating by POD 3, but six patients were delayed in their rehabilitation, three in the ketamine group, and three in the control group.
Discussion
Effective management of acute postoperative pain is challenging, particularly in patients with preexisting narcotic dependency. The delivery of large doses of narcotics to these patients does not always provide adequate analgesia and can contribute to the development of severe hyperalgesia [9] . Furthermore, the administration of large doses of narcotics in the perioperative period can have multiple side effects including: ventilatory depression, sedation, nausea and vomiting, pruritus, urinary retention, ileus, and delayed hospital discharge. Even the patient's satisfaction with the management of their pain does not appear to be addressed with opioids as the sole analgesic intervention (Joint Commission on Accreditation of Heathcare Organizations). It is for these reasons and the evidence for the modulation of pain perception as a complex process involving multiple neural pathways that many clinicians now advocate a multimodal therapeutic approach to pain [10] .
There is extensive evidence that NMDA receptors are at least partially involved in this complex pain modulation process [11] . Ketamine is an intravenous anesthetic with analgesic properties, which are partially mediated via its action as a noncompetitive NMDA receptor antagonist [3] . Anesthetic use of ketamine has decreased because of its psychotomimetic side effects, particularly postoperative confusion and hallucinations [12] . However, subanesthetic doses of ketamine have been shown to be efficacious in the treatment of chronic neuropathic pain [4] .
In this report, we demonstrated that subanesthetic doses of ketamine reduced postoperative pain in narcotic-tolerant patients undergoing posterior spine fusions. We choose to assess the efficacy of ketamine in postoperative pain management in narcotic tolerant patients because in these patients' central sensitization mechanisms involving NMDA receptors should have been activated. Furthermore, perioperative pain management in these patients is difficult and often not manageable with narcotics alone. In three control patients, we were unable to reduce their pain to acceptable levels without the administration of ketamine. We were, however, unable to demonstrate a significant reduction in hydromorphone utilization in the ketamine group. Furthermore, none of the other outcome parameters that were selected (nausea, vomiting, sedation, physical therapy milestones) differed between the two groups.
Several previous studies have also reported the use of ketamine as an adjuvant to opioids in the treatment of acute postoperative pain [5, 13] . The Cochrane review of ketamine for postoperative pain reported in 27 of 37 reviewed trials ketamine reduced opioid analgesic requirements or pain intensity, or both [14] . Four of these trials included a preincisional bolus of ketamine (10 mg, 0.15 mg/kg, ) for 24 postoperative hours [2, [14] [15] [16] [17] [18] . The four trials included major abdominal surgery. The ketamine group was compared to i.v. PCA morphine alone for pain scores and cumulative morphine administration. All four trials demonstrated that ketamine was morphine sparring. In only one of the trials were the VAS pain scores reduced and only at 1 hour postoperatively.
The Cochrane analysis of 705 patients treated with ketamine and 578 controls, demonstrated a significant reduction in postoperative nausea and vomiting in the ketamine group [14] . However, in the review of postoperative pain management with ketamine, Elia et.al. [19] reported that ketamine did not reduce morphine-related adverse effects. In this report, we were unable to demonstrate a reduction in narcotic related adverse effects with ketamine. Both groups had similar levels of sedation and treated nausea and vomiting. However, the addition of subarachnoid morphine to both groups in our study may have contributed to the increased level of sedation and incidence of nausea and vomiting [20] .
The problematic psychotomimetic effects seen with anesthetic doses of ketamine were not apparent in this study or others with subanesthetic doses used for postoperative analgesia [6, 21] . Whereas some investigations have reported memory and cognitive impairment after subdissociative doses of ketamine [22] , others have reported improved postoperative mood and function after perioperative administration of ketamine [23] . Furthermore, postoperative perceptual disturbances are common in the absence of ketamine [24] . Our study was not designed or powered to detect these effects of ketamine.
Limitations This study was designed to demonstrate a 30% reduction in hydromorphone use with the addition of ketamine. Although we achieved the reduction, the difference in ketamine utilization between the two groups was not significant because of the large standard deviation within each group. Our second goal was to improve postoperative analgesia in the narcotic tolerant patient; this goal was achieved in the ketamine group. As both groups required large doses of intravenous narcotics, however, we were unable to demonstrate a reduction in the adverse effects of opioids with the addition of ketamine.
Conclusions
Perioperative infusion of subanesthetic ketamine was effective in reducing pain in narcotic-tolerant patients after posterior spinal fusions. It reversed unacceptable levels of pain in patients resistant to conventional narcotic treatment.
